The irrational use of water resources in Brazil has been causing concern to all sectors of society, including agriculture, which demands large amounts of water for its development. Thus, reuse of fish farming effluent is a viable alternative since it can be beneficial to plants. Therefore, the objective of this work was to evaluate the effect of fish farming effluent on the growth and development of maize and bean plants. Two water types (reservoir water and fish farming effluent) were evaluated using a completely randomized design with ten replications. At 50 days after sowing, the following were evaluated: plant height, root length, plant collar diameter, fresh matter of shoots, and dry matter of shoots and roots of maize and bean plants. Fish farming effluent application significantly influenced the development and growth of maize plants. For bean plants, the fish farming effluent did not influence their development and growth.
Introduction
The use of effluents for agricultural irrigation, such as in fish farming, is quite current and well employed (Castro et al., 2006; Baumgartner et al., 2007; Medeiros et al., 2008) , and an alternative in family farming properties (Sachs, 2004) . Its environmental impact, compared to that of domestic and industrial effluents, is almost negligible (Cyrino et al., 2010) . In Brazil, the National Environment Council (CONAMA) establishes limits for water quality parameters in effluents, including the aquaculture activity (CONAMA, 2005; CONAMA, 2009) .
Fish farming effluent (FFE) application often benefits plants both in irrigation and fertilization (Valencia et al., 2001) . Maia et al. (2008) found that FFE application did not only supply the plant's need for water, but also for nutrients, which caused an increase in the growth of lettuce plants. On the other hand, Danaher et al. (2013) verified that there was no significant difference in plant growth in the presence of FE in pots receiving different proportions of the effluent when compared to those that did not receive it.
FFE reuse in agricultural systems can be an important tool for the management of water resources (Nascimento & Heller, 2005) . The FFE can influence plant growth favoring the cultivated species, provided that they present responses to its application (Hussar et al., 2002) . The use of FFE in plant production has been studied for the cultivation of several species such as lettuce (Baumgartner et al., 2007) , tomato (Rodrigues et al., 2010) , melon (Medeiros et al., 2010) , radish (Abdul-Rahman et al., 2011) , petunia (Danaher et al., 2013) , basil (Hundley et al., 2013) , legumes (Meso et al., 2004; Santos, 2009; Lacerda et al., 2011) and grasses (Valencia et al., 2001; Abdul-Rahman et al., 2011; Lôbo, 2011) .
Family farming is the main generator of employment in the Brazilian countryside, involving more than 12 million people, which corresponds to more than 74% of the agricultural population. In terms of production, despite occupying only 24.3% of the total area of agricultural establishments, it is responsible for 38% of the gross value of production and for most of the food consumed by the Brazilian population, accounting for 70% of the beans and 46% of the maize produced in the country (IBGE, 2006) .
Thus, given the potential alternative of rationalization of this resource and considering the hydrological and nutritional potential of FFE, the objective of this work was to evaluate the effect of fish farming effluent on the growth and development of maize and bean plants.
Material and methods
Two experiments, one with maize and another with beans, were conducted in a completely randomized experimental design with two water types (reservoir water and fish farming effluent) and ten replications, totaling 20 plots each. The maize (Zea mays) cultivar used was the triple hybrid AG 8080. The bean (Phaseolus vulgaris) cultivar used was Madrepérola.
The reservoir water used in the control treatment was taken from an open-air reservoir in the university itself, located near the greenhouse. The fish farming effluent (FFE) used came from a concrete tank, where there is the cultivation of Nile tilapia fingerlings (Oreochromis niloticus L.), stocked at a density of 25 fish m -3 and fed with extruded feed (36 % crude protein). The water was sampled for chemical analysis, the reservoir water was collected from the greenhouse tap and the effluent water from the fish tank (Table 1) . The experiments were carried out in a greenhouse belonging to the Department of Soil Science, Federal University of Lavras (UFLA), using a Latosol of medium texture, collected in the 0-0.2 m layer, in an area with a history of citrus planting. Soil samples were collected at the beginning and at the end of the characterization experiments (Table 2) , according to EMBRAPA (1997) .
Each plot corresponded to 4-L plastic pots provided with holes in the base to allow drainage. The pots were filled with 3 kg of soil sieved in a 4-mm mesh. Three seeds were sown per pot and at 15 days after sowing (DAS) the remaining plants were thinned, leaving 1 plant per pot. Irrigation was performed to keep the field capacity between 80% and 100%. The plants were irrigated every two days with the water corresponding to their treatment.
The evaluated characteristics were: plant height; root length; stem diameter; fresh matter of shoots and dry matter of shoots and roots.
The growth curves of maize and beans were determined by measuring plant height at 7-day intervals from 14 DAS to 49 DAS. For the standardization of the measurements, plant height was determined from the soil until the insertion of the last expanded leaf for maize plants, and until the insertion of the last trefoil for bean plants.
The bean experiment was conducted until the flowering stage, at 50 DAS, and the maize experiment was performed until the V6 stage, at 50 DAS. On this occasion, the plant of each pot was cut at the base and then washed in running water, in neutral detergent solution (1 mL L -1 ) and in three portions of deionized water. Afterwards, the plant material was placed in paper bags previously identified and taken to a greenhouse with forced air circulation at a temperature of 60 ºC until constant mass for dry matter determination. Subsequently, the samples were ground in a Wiley mill, and subjected to sulfuric and nitric-perchloric digestion to characterize the mineral composition.
The estimate of the percentage increase (I) was calculated according to the equation:
Where in: I is the percentage increase (%), T1 and T2 are the variables considered from the reservoir water and fish farming effluent, respectively. Data were submitted to analysis of variance (F-test) and when there was a significant difference between means, the Tukey test was applied at a 5% probability level. The values of the heights of maize and bean plants were submitted to analysis of variance for the diagnosis of significant effects between the water types in the different evaluation periods by the Ftest and the Tukey test to compare the means of the two water types. The analyses were performed by the statistical assistance program ASSISTAT.
Results and discussions
The soil fertility analysis carried out before the installation of the experiments (Table 2) shows that some attributes varied with the application of different water types. Among them, the increase of P and the decrease of K stand out. SB = sum of bases; t = effective cation exchange capacity; T = potential cation exchange capacity; V = base saturation; m = aluminum saturation; OM = organic matter
Regarding the soil attributes after maize cultivation, it was observed that P and K had their values increased with FFE application (Table 2 ). The same effect was reported for phosphorus by Bame et al. (2014) using anaerobic baffled reactor effluent in maize. However, potassium, unlike P, did not show differences regarding the effluent. On the other hand, Fonseca et al. (2005) did not observe differences in soil P concentration after irrigation of maize with treated sewage effluent. After bean cultivation, it was observed that the soil attributes were similar among treatments, except for Fe and Mn, which presented higher values in the FFE soil (Table 2) . Table 3 presents data on the growth of maize and bean plants subjected to different waters. It is observed that the behavior of the crops was different as a function of the treatments applied. In the case of maize, FFE application significantly influenced the variables: height, diameter, fresh matter of shoots, dry matter of shoots and roots, which showed a better performance in relation to the control treatment, presenting an increase of 20%, 33%, 98%, 120% and 100%, respectively (Table 3) . This result can be explained by the fact that the maize crop has a greater yield response to nutrient increase (von Pinho et al., 2009) , which possibly occurred due to the higher availability of mineralized nutrients from the FFE, mainly phosphorus and nitrogen, which has contributed to the nutritional requirements of the crop (Fonseca et al., 2005; Bame et al., 2014) .
Although in the present study the concentrations of nitrogen and phosphorus were not evaluated in the different water types used, in the literature there are many reports on the content of these nutrients that influence growth in FFE (Castro et al., 2006; Danaher et al., 2013) . According to Cyrino et al. (2010) , chemical elements from fish feed and fish waste have the capacity to increase nitrogen and phosphorus concentrations in water.
In a study with lettuce, Hussar et al. (2002) observed that the FFE exerts some nutritional influence on the plants, although much lower when compared to the chemical fertilization, and the more enriched and mineralized the effluent, the greater the dry matter gain of the plants, and consequently the lower the risk to the environment.
Evaluating the growth of maize grown in succession, irrigated with two water types, besides three doses of biosolid and one control, Costa et al. (2009) reported that irrigation with wastewater had higher values for plant height, stem diameter and leaf area compared to treatments using supply water. Notwithstanding, the highest values for the plant growth parameters were observed in the control treatment with the addition of mineral fertilizer. Abdul-Rahman et al. (2011) found that maize characteristics such as leaf number, root length, plant height and plant weight were improved by FFE irrigation. According to the authors, aquaculture effluents can supplant inorganic fertilizers. Similarly, in a study with Panicum, Valencia et al. (2001) concluded that the effluent water can partly meet the need of the crop and decrease nitrogen fertilization through the use of FFE, favoring its growth. Lôbo (2011) , evaluating Tifton 85 (Cynodon spp.) and Bermuda grass (Cynodon dactylon), observed that the use of fish pond water increased the length of the plants.
Differently from the behavior observed in maize, in the case of beans, no significant differences were found in the variables regarding water types (Table 3 ). This fact may be related to plant metabolism; maize belongs to the group of plants with C4 photosynthetic metabolism, which is characterized by high productive potential (Bergamaschi et al., 2004 ) when compared to other species grown without the same mechanism, such as the case of bean, which is characterized, in turn, by being a legume with C3 photosynthetic metabolism (Taiz & Zeiger, 2004) .
Although the effluent benefit has not been expressed in terms of plant growth, the use of FFE can be considered interesting since it can result in a positive aspect for the environment, i.e., the FFE can be reused as a water source for irrigation, and can be a viable alternative for the conservation of the available drinking water. Moreover, considering the pH value of the FFE (Table 1) , it is observed that it is within the range recommended by CONAMA (2005) for crop irrigation, which should be between 6.0 and 9.0.
Corroborating the results of this research, Meso et al. (2004) , working with beans (Phaseolus vulgaris) irrigated with FFE, observed that despite the water enrichment with nutrients from excrement and food leftovers, this was insufficient to meet the nutrient demand of beans, thus fertilization recommendations should not be changed when the FFE is used as a source for irrigation. Working with another legume, jack bean (Canavalia ensiformis), Lacerda et al. (2011) also did not observe differences between FFE and supply water for the variables plant height, root length, total dry and fresh matter of the plant.
Similarly, Santos (2009) did not observe effect of the use of FFE and different doses of chemical fertilizers on cowpea (Vigna unguiculata). The author attributed the lack of response to the application of FFE to the small amounts of nitrogen added to the soil by means of the effluent fertigation for its effective use, and states that probably the needs of the plants were partially supplied by the biological nitrogen fixation process. The characterization of N contents in bean plants was similar in both treatments.
The non-significant results differ from those obtained by Rebouças et al. (2010) , who observed that cowpea plants irrigated only with wastewater from treated domestic sewage had increased total dry matter production in the absence of soil mineral fertilization, possibly due to the greater presence of nutrients in the water.
In relation to the characterization of the mineral composition, N and P contents in maize were lower than those mentioned in CFSEMG (1999) in both treatments, and the opposite was verified for K, whose value exceeded the reference values ( Figure 1A ) . On the contrary, micronutrient contents were within the established range, except for the Cu content in the FFE, which was below the minimum reference value ( Figure 1B) . Bame et al. (2014) , using anaerobic baffled reactor effluent in maize irrigation observed that the plants accumulated more N, P and K than those irrigated only with water.
Regarding the mineral characterization of the bean, the macronutrient and micronutrient contents observed were below the reference values (CFSEMG, 1999) , except for S in both treatments, indicating that the amount of nutrients present in the water was not able to fully meet the nutritional needs of the plant (Figure 2 ). Although Santos (2009) obtained similar results regarding the effect of FFE on macronutrient concentrations in cowpea plants, the concentrations were considered adequate according to the nutrient contents in cowpea and common bean.
Regarding the evaluations of plant height determined during the experimental period, the analysis of variance between interaction, evaluation periods and water types (fish farming effluent and reservoir water) revealed a significant effect for height (Table 4) . However, there was no significant effect for the water types in bean. ns, * and ** = no significant to 5% F test, and signficant to 5 and 1% of probability, respectively; LSD = Least significant difference; CV = Coefficient of variation; (1) Averages followed by different letters in the column differ from each other by the Tukey test (p < 0.05).
Up to 35 DAS, there was no significant difference in the height of maize plants between treatments. From 42 DAS, the average height of the plants remained higher in those irrigated with fish farming effluent in relation to reservoir water ( Figure 3A) . Abdul-Rahman et al. (2011) , evaluating the growth of maize with FFE, observed this difference from 20 DAS in plants treated with well water and with the effluent. According to the authors, the availability of nutrients, such as nitrogen, in small amounts throughout the crop cycle allows more efficient uptake by plants. For bean, there was no significant difference between the treatments. Until 28 DAS, the initial growth of beans was similar and slow. From 35 DAS, the plants presented an increase in height, characterizing the log phase ( Figure 3B ). Corroborating these results, Lacerda et al. (2011) , producing jack bean with fish farming effluent, found that the plant had a slow initial growth and, from 30 days of age, had an increasing development, presenting a behavior similar to that observed in the plants irrigated with supply water.
Therefore, the development of the maize plants was favored by the application of fish farming effluent, and although its benefit to the beans has not been shown, its use can contribute to the conservation of drinking water and the reuse of a resource with great potential.
Conclusions
Fish farming effluent application significantly influenced the development and growth of maize plants. For bean plants, the fish farming effluent did not influence their development and growth.
